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[^tfl^s.] 4143l 24 

[0024] #4 44#7l 3*H, £ (a) S4i 44^47} 7} 

44 ?}a4^7l7> i,#4 CNT# 4-§"44 #4 ^Pl^yl^ #4 ^HfiAl;] ^j-o)] 

°Mh 4^ ^4 A 1?1 s.^} cm 4^-8: ^44^ 44; (b) #4 cnt 4 

^4 4444 0.71^1-^ aJr-g-Al^ # 7 1 CNT 4#4i -fr444 « ^44 
31, -fr4444 7fs4^7l7|. ^£ CNT1 . tiV-g-A]^ CNT# 3^Kr 44; 

^ (c) #4 (b)44# nil 44^H CNT ^4 -fi-444 #ol n 3l HJl44 3^4 

4^4#7l7> j7^£ CNT 44^ ^S^Kr 44 # 7\% aflS^jL, 7l^ 

#i JL^S. 52-44, 7>s4€7l7> 4^4^* (CNT) 4 44°H #4 4 

^##44 444^ #-§-71 # 7>4 4o]_0 e)^Bl7> 44*1 JE^- ^444 

3 ^^1 51*11 44^H 4^ 4^ 44J>-3. 4^ CNT-4°1^441- 4^44. 
[^tfl#^-s.] 444Jl 25 

[0025] 4 4^ HL4, (a) 44^471- 71^4 #s##7l7> 

CNT# 4-§-4?l #7l 44^44 #7l 424^7] 7>o]j oj-pjH 1^ ^S444 7l 
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1 CNT %^$= #31; (b) >8-7l CNT i^o^tII ^-71^1-^; 

^-§-^1^ #7l CNT 4#^H ^-714^1 §^ ^7} %-7]°}v\3\- 4^4^1 

7l7> CNT# 4-§-^ CNT# ^jl^Rr 431; ^ (c) #7l (b)43l# n3 4 

CNT #4 ^-7H4 ^o] n ij ^Jr^] 3lHH ?}s^ 7 ] 7 } ^4 574 

51 CNT H^*Kr 43l# 7]^ aflS^jI, 7}^ 527§4, ?>s4^7l7> 

ii#4 CNT^l 44^ ^7l 454^44 l^Kr ^MM^ oHi7l, ^t^H^, 

^7l, E]^7l 4 43.4i>-3- ^4 4U]4 ^.Sj-;*} 4-g-7ll- S-AjoU 7 >4 

*r Sl-^l-^S. 7fl4^ Cf^-, 7 fl^^ ^fl i^#4 0^1-71, ^1=11*1 H7l, ^4 

7), El-i-71 4 ^S-^O-S. S«IM ^4 Sl-t}-^ 3j-^-7]6)) > Aj- 7 ] 4 

-g-714 TJW^ *MMlr 7>4 4oio_ e]^Ei# Sj-S^ je^ £.3. Itl" 
a]^ ^=.4^ 3^ 4^1 0.3. 4^ CNT-w>°l^-^l^l- ^l^W. 
[i^tfl^s.] ai^s 26 

[^tfl^s.] 3^ 1 

4^ 7^ 4^31, 71^3 Jl4£S 31^51, 4^-4^71 7} ic 

#4 4^i4f-s(CNT)£l sflH^l #4 4^-4^714 ifs}^ ^-8-7l# 7} 
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4 4°l£ 5l^Bi7> 44^1 HL^ ^51443 44i £14 34 4^ 

J=LS 4^r CNT-4°l^-44: 

(a) S4i oHi!7l7> ii#4 7144 7]-s4^7l7> ^#4 CNT# 44^ 
-8-71 4^^714 4J-71 4^4^71 7>oll 6fPlH 1^ ^^A]7l 7^ S.^} CNT 

4#4 114 4^ 4711; 

(b) #71 CNT 4^4 ^144 4 -fi-7l^#^ 44^ -8-71 CNT 4#4i 4 

7144 44 ^^^17131, 471 4^1444 4^44714 ^#4 CNT# 44^ 
CNT# 4#^Kr 44; 4 

(c) -8-71 (b)44# nil 444°i CNT ^4 47144 #°1 nil hJl44 3 
4^4471 7> 3i4£ CNT 44^ ^44^ 44. 

[Ji^Wl ^44 2 

2] 

44^1 444 4*1 4^31, 714 -8-i 3i4£S. 3i44, 4^-4447} t 
#4 44i4^4«(CNT)5i 444 41-7I 4^-4444 444^ 44714 4^1^71, 

H7l, 4471, Ei#7l ^ fa^os 7-44 444 44^1 4-8-711- 

4^H1 7>4^ 4444s 444 4-g-, 44 444 4^ 44^4, <£4 

*lH7l, ^44, 4^71 4 t£«^.s 444 ^44 444 443 4-8-7H, 4 
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7} ^7]9\ lfS}b ^-§-71 # 7>^ 5H£l# Hl^r 

«j-^o.s ^e]^ ^ ^JAS CNT-tiH^JH: 

(a) o}v)±7)7\ 71^4 ?}s^7)7\ ^#£1 CNT# ti>-g-^l^ 
-8-71 oHi^l^ >8-7l ?>s.4^ 7 l 7^) cij-nlH 1^ ^^A]^ 7l^ CNT 

^S^Kr #31; 

(b) #7l cnt Sf4 ^W^l -fi-7l^#^ av-g-Ai^ CNT ^^cn o. 

« ^^^17131, ^-71 -R-71^4 f}^^7)7\ CNT# ^-g-A]^ 

CNT# 4^Kr t£t\); ^ 

(c) -8-71 (b)^# nil ti>4^°l CNT ^4 71^ #ol ni] h^tH 3 
?}ri^7}7} JL^S. CNT Jfflfi^ ^§Rr 

[Ji^Wl 3^ 6 

[Ji^HHI] AMI 

7] 

*fll"$ ^ ^12%H1 Mi <»Mi 4-8-71 7> ii#£l 7l^^r 7l^^ 

oHi:t^^^€^S *13*H ^^^1 5J°J-i: ^SLS. CNT-4°l^-€^i. 
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Wt 1 * 8] 

*H CNT# 1 ^1^71 sflfiMS ^ 3^ ^ CNT- 
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[Ji^tfl^tg-s.] qigT&s. 57 
[0057] £ ^°\] ^6\a\ ! t\*\^ 0.7]^.^^ H 2 N-R!-NH 2 ^ <W=]# 7}^ 

^ «.H^ -R-717H4. 
[Ji^tlUJ-Wl 59 

[0059] >8-7l 7> = 4^7l7> CNT aflfi^ 4 v 7l 7]-a4^7l^ 

^•-8-71(^1^71, ^7] ^)9\ SL^ V}o)£ 5l^Ei7> 7^ 31 £^ ^7]9\ 

^n*A 4^7l(oHt7l, ^7), El #71, £B||SlH7l ^ofl 
iWi-^ *>-g-*H 7fl ^^ - o i4 , 7fl ^o]l a>#§ - Wl^i^r 

H 2 N-R!-NH 2 , H 2 N-R 2 -SH, H 2 N-R 3 -0H, H 2 N-R 4 -CH0 ¥# ^ ^7H, r 1( R 2 , 

R 3 ^ R 4 ^ ^mSLS. d- 20 °J 3E5^3K^ff, l-^Wr^Mf -B-71 

7^14. 
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£ 4^ 4^-4^71 7} 51451^ 4^4^41- «(CNT) 511 Hi £3 

010.^^4 7413-4^ 4010, el^Ei7> 4«H sfe $1 
CNT-4°1.$.44 4 n ^1^4^^ 44 ^ 0 14. 

£ 4^3, ?>=4€7l7> cnt 4H afe 47l 4^4^71 

4<&* Sj-^ 4^-71 S. 7fl^4 CNT 4 E d1 4<£4 «H£ el^Eil- 444 HL 

4^ as. 1^-4^ cnt-4°1^€4^ 440] 7Bf44. 
3c. 1 

4^4^«-(CNT), 4°1A si ^ , 4°1A A JH. 7>a4€7l, 44 
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JLH^ ^m^^v 4^ wH^JH^ *flS^ {Method for 

Manufacturing a Biosensor Using the High Density Carbon Nanotube Pattern} 



[3= S3 ^] 

[0001] £ l£ ^>2 4^]7l7|- CNT oj-nj^yl # 7>^1 DNA# ItH^ *fl 

4^1 CNT-DNA DNA7> l^Kr 3^ 

[0002] £ 2^ 7>s4^7] 7 ^ CNT sflfi-a: ^MMS 7fl^*> 7}^4^ 

W7l# 7}^ DNA# ItH^ CNT-DNA ^1 4 v iL^?l DNA7> l^Kr ^ 

[0003] £ 3£ DNA7f sl-t}-^ 0.3. tJ^s] CNT sflfi ?H tflfr XPS i^H^l 

4. 

[0004] £ 4(a)^r DNA# ItM^l 9}^^_7)7} CNT7> Ji^iS. JL^ 

# 7l^ (substrate) 5L^, (b)^r #7l CNT sflU A 0 H1 °Hii7l ^711- 7>^1 
DNA# ^tM^?l ^ ^-iL^?] DNA# ^-5- A l?l ^-t-^ ^ ^#tJ4#, 

(c)*r #JM°1*1 DNA# ^Sf 4-g- a]7J ^ ^ ^Tj^l- 4^ 

[0005] £ 5(a)^r 44^713 7fl^3 $ ^-71 CNT Sfltl *M ^7l# 7}7J 



DNAH- #JMSI DNA# 4-g- a] ^1 ^ %%%^ f 

(b)*r ^iL*H4 DNA# £>$3J- tiV-g- Aj^l ^-f^ ^ ^^g^ u^vfl £ 

°14. 

[**<>1 4^ 7l#^o> $ zl £o)<*] ^efl4#] 

[0006] £ l^^r 7} 3.4^7] 7]. carbon nanotube: 

CNT) 44i S?! H>ol 0,^-^4 tj^}.^ 40] o_ b]^e]7> 

[0007] CNT^ *}^M 4^3. ^fl^Rr tiS <>l=o^ ^-dh^S-Al 44^ 

CNT^r 7l?H3 #7"|4 4^ A J, ifM4 44 y oHi ^H, jlJi-i- 

°] ^^UMMl 4^ ^ 444 €^Kr ^4 ^ 7] 4 ^ A] 

i7flS <£34 $14. 

[0008] CNT^r ^31^4 3}-?H 44 ^42, 4^44 SaflSl 44^ 

SLt 4 *r 4^4, 4^°1 431 ^ol7> ^-f 4 44 4^1, 

4^4, H$4^4, ^44 714*11 ^ i^flS.^ t^jI, u^H 

45] 4^ 44^4^4^ -§-84H ^^34. 



[0009] #71 iL4 4444 -§-§-^1-71 ^sfl 44^ CNT4 441 

A}-g-*H ^Tfl xl-5 71 ^4^4. oi^Tfl CNTl-^r 134 44(ends) 4 a 

4(sidewall)£l H^l 4^ -C00H 44^1 44714 7>47ll £14. °1^4 44^1 

^-8-71 # °l-g-*M 444 fill £°]7] *14*H CNT^l 444 711 

447U 444. 3 444 443 714^1 <^ C nt4 44714 -sh 7ls. ^144 

4, 4 S4i ^14^4 4ifl(micro contact printing) 7}^ °144°i £4°H 
4444 iL3i(Nan, X. ef 5/., J. Colloid Interface Sci. , 245: 311-8, 2002)4 
^47H ^(electrostatic method)^ °144°i CNT4 S4i 4^4^-S. 3i4 A l 
4 iL3!7> 44(Rouse, J.H. ef 5/., Nano Lett., 3:59-62, 2003). n^4 47I4 
CNT4 a4 4£7> 431 44§H 4444 &°-4, ^44 4^3 S. 
4i 31^44 4^i^ 4^4 3-8-% v 4 £44 *1^34 4^4 7>43i 44. 4 
44 4^ X4 7M°1 44*1 -24^51 44. 

[ooio] 4^H 104 oiis- n H '■!: <44 4444 4, 14^1 i^l 4-1 <l 4 

3i, ^4 44444 ^44*1 144 3434 44°1 44 ?A°-S- 4^4 
44. at, tfl445l 4^1 444 44°1 44 4^1 44i4 4^71 ^4 
i, 4^4*1 7fl4s]47-14 7114 4*11 44 ^144^1 95% 44°1 4«144 44^ 

5. t}n 44. 444, 43 4^1 4 e!4Hi 4x44 44 ^ 4 44^1 7144 
4*l3i, 4^4 7144^ 4 i-ll H4h 4^4 44°i ^°14 4^4 44°-^, 31 
4^4 bj-^o^ ^ 7 p^j.^u] ; ^o\\ r|fi- xis ^ i4^4 711444 44°11 
443 4 4°1 Jl43 4 4«14-444 4 4^4-el4ii 4^ 44 447I4014. 
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[ooii] a^e, ^7l^, te^l ^ PE^ ^S^S. <?Htb ^H^r °l-§-^H, 

0_^^|^- jL^fsV CNT-S] ^7lSb«H t^l- ^«b 4-§-^#i tfltb <£^7> o] 
^p-o^JL $14 (Dai, H. et al., ACC. Chem. Res., 35:1035-44, 2002; 
Sotiropoulou, S. et al., Anal. Bioanal. Chem., 375:103-5, 2003; Erlanger, 
B.F. et al., Nano Lett., 1:465-7, 2001; Azamian, B.R. et al . , JACS, 
124:12664-5, 2002). 

[0012] ^flfl^-e]7iH cfla^?] iS., 4 ti 14(avidin)-4°l^ 

(biotin) tiV-g-^ # ^ SUr^, Jl^fS- 7l^^i CNT# ol-g-*H 

(Star, A. et al., Nano Lett., 3:459-63, 2003). 
[001.3] 4°1£^H^1 Cm7} c-l-fKr sflolf-^o] &JI ^4, 41 :M 

igsHI ufl-f ^i^-sH 3N, 4^£| £3 SH ^HH 4-§-^ ^1*3*123 

«D, HS-tlliL^i, 4t4 0 1^7l^ £<>HM -g-g-71^1;^ 4^ 3 

°14. 

[0014] iL4 w>^-3i &°] 4 4°l^dH# 7Mt>7l 2|e DNA 7l 

« <S^7> oi-o^^ji 0^4. dna 5] 7 ^147l 3tb 4°^?b 4 

7l«ol yfl^o^j, ^T-fl eflol-f^o]] 7H> H4^^ 4-8- 
5] 31 $|4. ^KM^l DNA# ^ $l^r #11 DNA 4« jZ>8*H ^ 0j ] A oHl 

$|^r <tf;M?l DNA# ^1^431, 4X ^^71 7]- DNA 413l# ^ib ^ $|^r 



43lS 44°1^4. 

[0015] DNA ^°-S- DNA £>$3j-# J-§;4 ^#44 ^44 jL-§r^r M°l 

4 v]^o}^ ^6\] flfl 3 (background)^: §11 ^ $1^ Jl4^ 4 S4 

y^7\ 4-^44. °1^4 544^ DNA 4 #9!#(platform)^ 4#7l ^4 g£ 
447} 4*34°1 44(Anal. Biochem., 266:23-30, 1999; Nuc. Acid. Res., 
29(21): 107, 2001). 

[0016] DNA ^44 (hybridization) 4#i 4<£?r 4^#°1 SL4]4$^4, 

^li^H^ (Scanometric) ^ , (Color imetric) 4^, 4i^4 

(nanoparticle)l- , 44S|-4-i: oj-g-fj- ^(Science, 289:1757-60, 

2000; Anal. Biochem., 295:1-8, 2001; Analyst., 127:803-8, 2002; Anal. 
Bioanal. Chem. , 375:287-93, 2003) $14. 

[ooiv] 44, CNT# I^^Hl^l -§~g-SRr 4314 ¥44^1 $14. 

#-f-:2i 444^1 4ll, DNA 44^1 4# (Anal. Bioanal. Chem., 

375:103-5, 2003; Proc. Natl. Acad. Sci. USA. 100(9) : 4984-9, 2003; Anal. 
Bioanal. Chem., 375:287-93, 2003) ¥°1 n4°14. CNT# 7l4°-S 4 
4#(multilayerH4^ ^1-^4 44£ £44°1 ^31 444££ ^4°1 
<^ DNA 4 4^ 4^47} 5l44^ 4^ M 4 $131, ^#^xH tfltb 4# 4 

4^# ^444 4 $14. 
[ooi8] 44^4^ 4°1^-4°114 4444# 4#4^ 4^ 7l^s] ^4^44 ¥ 

^44i 4^ °l-g-§Kr 4^°1 44 M4°14(Toriba, A. et al., Biomed. 



Chromatography: BMC. , 17:126-32, 2003; Raj, S.U. et al . , Anal. Chim.Acta, 
484:1-14, 2003; Peggy, A.T. et al., J. Microbio. Meth. , 53:221-33, 2003), # 
u-j ^JL ^44^1 ^71^ 444 444 4 44 Afl3.£ ^#ol A] £ £]^ 
CNT44 44^ rfA^ol t:-^ 44*131 &4. 
[0019] 314^ CNT ^E]eflc»lo|( mu iti layer)!- 44<H n $H DNA4 444 44, 

^KM^-S. 4444 DNA4 4444 4^4 7]]44^(genotyping), 444°1 44 
(mutation detection), ^4 A j 3 44(pathogen identification) ^1 -fr§-44. 
PNA(peptide nucleic acid: DNA -fr4*)l)# (single walled) CNTi 34 4°1 

31^431, 4*} DNA 4 1^44 34 4#4 44 

(Williams, K.A. ef al., Nature, 420:761, 2001). 5E4, 47"|3r43 4 4^4 
*11 4^34r#3l^H-i CNT oH°H 32.4431, 44(guanidine 
oxidation) y <^4 f-sfl DNA# 4#4 ofls. 44(Li , J. ef 5/., Nano Lett., 
3:597-602, 2003). 11^4 °131:4 CNT# 4°14 €4^1 4 7 flM ^44 3 

4 4M4. 

[0020] CNT4 °l-g-$ 31 -g-fj^ 4°1^44 3M4(W0 03/016901 Al)7> 4^ 

^ 44. 71^3 $\o\] sf4^ 44« 444*1 44^1 CNT4 44431 ^5] 44°}, 
444°i <?H44 4°lJ24H 44 3°-^, Hls^ 44 4 

^44°H 44 4^4 7>43i $|4. 
[0021] oH, £ 4^ 444 444 43°)1 44^1 444 44°i CNT4 3ir A l^ 

4^447l7> i,#4 31451^ CNT 444 ^44 44, 47l CNT 44i 4°1^- 



eHEi-t 444o_s 4^44 CNT-4°l^-44t- 4^4^ 4^ 444°i 4 4 

^ mm 4&4. 

[0022] 4 *\5\d\] ^6\) ^ ^^El 31^51^ CNT 

Sfl^ol] yj-ojO. 5^7} 44=14 4^ CNT-4°1^4 ^ n 4^4^ 4^Kr 

*u 44. 

[0023] £ 4= £.30. AJ-7] CNT-4°l^-€^# °l-g-*H 444 ^4^1 4°1 

o. b^e^ 7^444 tiV-g-^ir 444 £4 4°l-$-#^-a: 4t^Kr 4^ 4^ 

4^ $14. 

tMJI 

[0024] ^-71 4^4 4^471 ^4<*|, 4 7l 4 ^-ofl 31^4, 4^4^71 7> 

ii#4 CNT-S] 44i 47l 4^714 4444 443 44714 7}4 4°1^- 3 
^Ei7> 443 3^4 451443 444 3*11 4444 44 34 44J>-3. 44 
CNT-4°R444 4444. 
[0025] 4 4^4 at, 44 4°il 3i44, 4^4447} cnt^I 444 44 

4^44714 4444 4444 44^4, 444^4, ^44, ^v] 4 4^4 
J^s 444 4i4 444 443 4444 ^4i 7>44 4444s 444 4 
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s. si-tj-^ 4-g-7H, #7l 3KM<2]- It^l-^ 4-g-7l 

[0026] £ ^<=fl*1 <$7] CNT 5)1 (a) ^Mii^h 7 1I4 

7> ^#51 CNT# ^r-l-Al^ #71 6^1^71 SS)- ^-71 7>s4^7l TV^ <>H H 7^^- 
^ 11^*1*1 71^ S#i CNT #^ ^j^Rr #7ll; (b) #71 CNT ##4 c^o}^ 

Til -fi-71^1-^ tiV-g-A]^ Al- 7l CNT ^ ^6j) -f^K^ ^^A]7l31, #71 -fj- 

714^4 7>s4^7]7> CNT1 . tiV-g-A]^ CNT# 3^Kr #7fl; ^ (c) #7l 

(b)^# ni] #4^H CNT ^4 -n^M^ #e>l n $\ hJlSItII 3lHH ?}h4| 
7l7> CNT sfl#^ ^§Rr #311- 713 ^ 

[0027] (a) i£»Ml 4 u l-V-7l7> 71^4 7}a^^7l7> 

CNT# tiV-g-A]^ ^-71 ^1^71^- #7] 71- s 4^71 7}o]l o>ulH ^X\^ 7} 

1 CNT ##^ %^f>}±= #711; (b) ^7l CNT ##4 c]<s>^^ *- 7 l j^v - ^ 

#-§-^171 ^7} CNT ##^H ^ ^^Al7lJl, #7] -a-71^4 7>24^I 

7l7> CNT# #-§-^71 CNT# ^f^Rr #711; (c) #7l (b)#7lll- nil #4^} 

^ CNT #4 ^-714^ %o] n s\ Hj££l7ll 3^*H 7>s4^ 7 l 7 ^ ^*s] 37^ £ 

CNT sfl#^ ^«Rr #711; ^ (d) ^7l 7l-s4^7l7> 51^51 CNT sfl#i 

^-71 7>s 4^71 TlW^ ^.sj-^ 4^-711- 7}£ M}o}0_ 51^1 Ei# Sj-tJ-^ ]£±r 
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44444 4444^ 444 a44^ 44 44°-S 4^r CNT 44i 4°1 
Sl 44^7} ifsl 0 ! 44 CNT-4°1^444 afla^^ 4444. 

[0028] 4 444 1$, (a) S4°ll 44^7l7> 444 ?}B 4^71 7> ii#4 

CNT4 tiV-g-A]^ 44^44 #4 7}5.4^7l 4*11 44 H 1^ ^444 7} 

4 J£4i CNT 4« 11444 44; (b) ^7] cnt 4^4 4444 44W1-I: 
4-§-4?l #4 CNT 4^4 *H 4444 ^4 ^^^1^131, #71 44444 
7l7> ii#4 CNT# 4-§-4?l CNT# 3^Kr 4711; (c) #71 (b)44l- nil 444 
4 CNT ^4 4444 #°1 nil hJl44 3#^H 4^-4^44 5i4£ 
CNT 44^8: ^144^ 44; (d) 44 4s.4^7i7i- 57^51 CNT 41li^r 44 

4^-4444 41HKr 4-g-44 44^4, 444^.4, ^44, 3 #4 ^ 4^4 
444 ^14 4^4 444 4-§-41- -o- A Hl 7}*]$= 441-43. 444^ 
44; ^ (e) 471 7114^1 44 ^#4 44^4, 444^4, ^44, 4^4 ^ 
43.^3. 444 4i4 4^4 443 4-§-4i #4 443 4-§-44 Ifsfr 
4-§-4# 7>4 4°R el^4# 443 £4 ^4443^3 4444 441- S4 
4^ 4^ ^io S ^ cnt 44*11 4°U el4tH7l- 445H 44 CNT-4°1^4 
45] 4444. 

[0029] 4 44°11 444, S4°ll 44 1 4-8-717} ii#4 7144 7144 44ii < 4 

44344^3 434^ 44 4 4^4, 44 44 J£4i ^44 44^4^ 4 
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44 3*H CNT# 1^7171 ^4 6 i sflEj^Efl^ ^S\o] 3}^ ^ 

4 $14. 

[0030] £ 4M 4°14, 43 43^717} 44M^ 7l^]^ flMi 

7l7> ^#£1 7Hi i S e|xl^H HL^ -e-71^4 444 ^S^H <£4 4 $14. 
o}^ sfl^ol] CNT^r 43 JE4 ^ Hj-^o.s. ^ HL^ 4 &°-4 , ft?] 

2^4^ M-^sflii<y 7§^o\}^ cnm ^z\^SLS. 52734^ y^o] 4^-31^4. 

[0031] 43 o\v}}^7}7} 44^3- t#4 7)^ 4£*)1 443^3. 4 

434 as^^nenix] 4^4 3443 43^34 ^44 71^1 aseii3^H 

444 ^1443 44434, 3^ tfafl ilSflxlAE rr^ 0.7]^^ sflB]^ ^ 

44 44, 43^444344^3. 3343 4^ 4£ 

[0032] £ ^4 £4, 43 CNT-4°1^- A J141- 344^ y Aft ^HJ°-3. 44 43 

o, 14434 4444 S3 43^4113 414^4 4444. 

[0033] £ 4^4 43^- 3^37]- DNA4 34 4^°-3_ 44 CNT-DNA 3 4 

47l CNT-DNA34 3444 3^ ^jo S 4^ DNA ^44 443 44434 4 

444. 

[0034] £ 4^ 3 434, 4^4434 4444 443 4434 43^3 hl^ 

44714 4°1 44344. 
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[ooss] £ « S ^H £M4, 4°1£ 3-9 3 ir 4^4^71,, ^H^7l, ^71,, 

H7l, JE^ B]^7l# 7>4^ a4i7l^3, ^7KE., 4^4, ^BlH, ^4 
(DNA, RNA) , 4C 5l4^ JE^ ^ 4^°-3. § ^ 44. 

[0036] £ $X°]*}, 3.^ 4°1^-4 : H4 4°1^- 5}1?414 444714 444°i 

^ ^ 4^44711^ 4^4, 3)4, 4*11, JL 

4^41-, 44 3^ 7m ^14^ ^jl-^H^, 3* 4£444^r «14 
(DNA, RNA) JE^r 4^4°14. 

[0037] £ 4-§-3^ *CNT-4°1^44' -§-°i^ CNT 44i 4°!^ 

SLlrsRr 3.4£ CNT 

44i yj-ojo, z\$b\7} 443 l-£)443 44 h l^H ^-4 

[0038] £ 4M $M4, 71^3^ ^5^, -fj-S], 4445-14, #4^ ^ PDMS3- 

444 ^14 4^4 *H44 514 4^°-3- 4 4 $14. 

[0039] £ T^ojj^ CNT# 443 4-§-7l(oHii7l)7l- JL^ 7]£ ^ 

43 444 44°i 443 ^ 344°i M4 a 4 4^4 5fe 4^4^71 7> 
#4 cnt 444 444 44, 47l 4^44714 443 444^ 4-§-7l(4 
^471 7>^i HHJ2. el«l- ^-44^ 444 44^1 S3 4°!^- 



444 4^ ^^}7l4, 47144^1 °l-8-«V^ 444 4 4^ CNT-4°1^ 

444 444S4- 

[0040] 4 CNT4 4W ¥^4 ^fflS.-f-Bi ^^H^*] <Q-^ 

M4 4^ 71 £s] 43H14 9H4, ^Kr 444 £ a ^ 444 ^44 

4 $14. 4 4^4 44^14 *<HS4 2^4 *144 4 4^4 51444 -f}- 

7^444 Ol-g-^^ 71^5] 1^4 3^*H ^71 ^iSfl 71^5] 

[0041] £ 4M &6\X\ f f}^^_7}7} jL^S. CNT 44*11 4"7l 4^4471 

4 4444 4 u 1^7l 44711- 7}4 4oio_ e^Eii- s|-43 je^ 45144 

[0042] JE*h 4 u 1^7l7> Ml 4 JL^i CNT 2)1 #7l 4^1^14 4444 4^ 

4471 ^*lH7l# 7}4 4°U el^Eii- HL^ 43443°-3. It 

4°i 4°1^4# *H444. 

[0043] 44, <#7] 7}2 4^71 ^1-^^714 4444 4-§-7l# 7>4 4 4 

<>liL 5l^Bi# 44*1 ^l ^44, #7) 4H 4^71 7> CNT 444 4"7l 

4^44714 4444 44^1 44714 43 «H£ el«7> 7}x]jl 44 4471 
4 4444 443 4-§-7l# ^ahi 7 >44 44444 444°i llf 4 44. 
444, 71 a.^ 4°1£ el«# ^-71 ji^i CNT 44i 443 45144 



Asls. ^^zj ^ ^4. 

[0044] i^tfl, B]^7l# y>olO_ e]^Eil- ^t}7] f}S,^7]Q 

*H 4^7l# CNT Sfl^^l a^6|] t#A]7j 4^-, s-s 1^ #71 Bl^ 

7l# 7M^ 40I C_ 5l^Ei# Jf4^ ^ $|4. 

[0045] £ CNT^r AA °A7\m <t 9X^ 5>45] 4^ 

^ i+t4 0 H(nanowires)# f-sfl ^11 ^ SIM, <^7H 4^4 

0 Hfe ^efl7l^ ol-g-^H M^rS. ^ &M (Science, 275:1896-97, 

1997), 5fl^^r ^^*V -f <>1£ (implantation)*^ i 

s]Ei^ (sputtering)-!: °l-g-*H #^-7} ^ ^^M^ *r 

[0046] 0I4 £ AjAHloll ^ ^Afl^-Xl A^^44_ AjAHl^ # 

<*H ^3*1 ^4^ ^ <3-<33HH ^j-o] x1 ai^ 44 40^1 oxo] a] 4^ 
[0047] -gAH l: 7>s4€7l7> CNTS] 

[0048] £ 1^<*IM CNT^r ^lt^l A^El^ afl^g- ^ 
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*H 4^?H ^ *I|2:*H 4^ ^51 £^4 CNT# 

£ A}-g-*M ^44^ S4 ^/HL^ 4 44^ 4^444^144 * 

4. 

[0049] 4^4471 7} ii#4 CNT^r 44(444 3g-A>o] ^-g-^) -g-^ol 47J ^ 

°1 ^ °11 ^1 24^m ^-91 44 A 14 44, 0.2/zm 4^3. <^44 ^ , 71 4 

4i 47} 90°Ci4 4544 4=^4 44 ^4£e|45$4. 4#<^ 3^4 
<^ 0.1/zm <>i44 44 ?i^ A 1^4. 4^4 4^4^71 7> CNT# ^4 

^ j£4 -B-^-g-uH £4*14 44, o.i/ffli H7li- 44 

CNT# 414^4. 



[0050] ^Alofl 2: ^Hii7l7> sfli^EflS. 

[0051] £ « s ^i $M4, 7}^ A M 4^^^ °}v}±7]m ±%*}?)7) $\t}<5\ 27} 

*1 M-i: 444 *r 44. 4^4, 45-1. 44^4, #4^, PDMS 

(polydimethylsiloxane) ^ 71^3 4°ll 31^4, i£4 x l^B J£4 4712:44 4 
44 ^4 4^-, ^71 5fl44 tes 4°i 4*1^^4*1^4^ S4i 3i4 
4°i 4^1^7l# 7l4S4i 5fl4^Hfls ^4^14 4^°14. 4*fl4 44 
44^444*144^3 444 44, 5i£-4, asell4^B 442:44 44 
4 11 4 44 °Hii7l# 44S4°ll ;t4444 4^44. 4-7I 

^4^440.5^ 44 ^H34H4 ^144444 4444 514 4^-444. 
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[0052] -8-71 jL£4 JE^r JLS^I^liB sflU^ te^l ^"IM A>-g-s| 

£ £ fH^^I*^ 10-2003-00325 14Jl ^ 10-2003-0037752X51 

[0053] -gAH 3: JL^H CNT ^ 

[0054] lofl A] ^Hl§l a 4^71 7} CNT# *1*H 2<*IM °M 

ii7l7> sflH^BllS. 71H4 tiV-g-Al^ Al- 7l 7> s 4^71 4 o^i^l #o|| 

1^ f-^H 7lH ^Hl CNT 4^-8: 
[0055] £ ^4M*r #7] 1^ #^^>7l ^H, ?1#^^1^ DCC(1,3- 

dicyclohexyl carbodi imide) , HATU(£M7-azabenzotr iazol-l-yl) -1,1:3,3- 
tetramethyl uronium hexaf luorphosphate) , HBTU (£Mbenzotriazol-l-yl)-l, 1,3,3- 
tetramethyluronium hexaf luorophosphate) , HAPyU (6H7-azabenzotr iazol -1-yl)- 
1, l:3,3-bis(tetramethylene)uronium hexaf luorphosphate) , HAMDU((9-(7- 

az abenzo t r i azo 1 - 1-y 1 ) - 1 , 3-d i me t hy 1 - 1 , 3-d i me t hy 1 eneur on i um 

hexaf luorphosphate), HBMDU(6Kbenzotr iazol-l-yl )-l, 3- dimethyl-1,3- 

dimethyleneuronium hexaf luorphosphate) -f-i:, ^1 °1 ^(base)S-^l 

DIEA(diisopropylethylamine), TMP(2,4,6-tr imethylpyr idine) , NMI(#- 

methyl imidazole) ^ y A°\ 4#^Kf. ^ « MS. ?1 



EDC(l-ethyl-3-(3-dimethylamini-propyl) arbodi imide hydrochloride) 
# A>-g-t>37, fjs-^^o] iS^lS.^ NHS THiydroxysuccinimide), NHSS(N- 
hydroxysulfosuccinimide) ^ 4-8"^ 3H 4^^. #7l ?]#^^^ -C00H 
^-8-71 sq- -NH 2 ^7)7} o}v]EL ^^-(-CONH-)-i: M*Hr *H , ^1 

sq- iLS^m ?]#^^|7> 6HH 1^ nfl JL#^ ^11 ^ $151^- 5ismr 

[0056] 4^.3., 7l^H l^S. -f^NS CNT4 ^^l- 7>^1 

^W^l -B-7l^-tl-^ tiV-§-Al7lJl, ?|-24^7l7l- ^#51 C NT# #7] C] 0 }^ -fi- 

[0057] £ S1<H>H, ^4^1 ^-71^1-S.^ HN 2 -R r NH 2 ^ 7H^ 

#^ $14. ^H, Rl o. Ci _ 20 o] ^s^sH^ff, JE 

*r ^-7l7lol4. 

[0058] H 4^-3., 7>=4€7l7> t#S] CNT4 Cjol-nl^ 0-7ls]-^4^ W4-§- 

^ «>4^o. s ^J^H CNT #4 ^7}°}^ nil Tfl 3lHH 

7l7> CNT ^^W. 

[0059] ^-71 ?>^4^]7l7> CNT 5flfi^ %7] ^4^714 tiV-§-5}~ 

^•-8-71(^1^71, ^7} S.^ Ufolji el^Ei7> 7}*}JL ^ ^-%-7]St\- ^ 

Sr«H 4-8-71(^1^71, ^7l, El-i-71, £B||SlH7l ^-*H 7>^^ 

4-^H 7fl^ ^ $14. ^71 /fl^H ^ ^ W^s^ 



HN 2 -R!-NH 2 , NN 2 -R 2 -SH, HN 2 -R 3 -OH, HN 2 -R4-CH0 #4 444 4 44. °\7]*\ , R u R 
2 , R 3 4 R^r m^SLS. Ci- 2 o^l £S^iH^4f, IrSSj-^Sj-^^ HL4 444 4 
7l7lol4. 

[0060] 4: CNT-DNA 33 ^14 

[ooei] 4 4aHH44 424447]- ;t#4 CNT 4fH DNA4 44^1 44-Al 

^ DNA ^ 44444. 4*H1 2^4 afl3-£ 4^44717} CNT 44i 

DNA^l <sHi7l# DNA ^14 *fl4444 (£ 1). 4^ 4^°-S, 2 

oflAl 7>s4Aj 7 ] 7 ^ ^^s} CNT JfflfH 4*1^ 4-§"7ll- 7>4 C}44 

Til ^-7l^-t#S. lltM <»Hi: 3J--8-711- t#Al?J tf^-, # 7 ] 4*1 i^H DNA^l 

4^-4^4# 444°i DNA *)144^4 (s. 2). £ ^HHH^r t^l 4*1 
i,7l HL^r 4^-4^4# 5>7l 41 \$] ^S]jl^f#^iLElHl- 444°i 

CNT-DNA^ ^ 44444. 
[0062] 411: 5'-TGT GCC ACC TAC AAG CTG TG (C3)-3' 

[0063] CNT 444i DNA-S] ^4 <*|^, DNA4 4471 (phosphate group)4 4 

4431 44 0 144°1 4(phosphorus) 444 44 XPS (X-ray photoelectron 

spectroscope) ^4H 5 j4 #44 44444 (£. 3). £ 3^14 iL4°l , XPS S4 
44°H4 4°1 4M4^4, CNT S4°ll DNA 7} 4^-44 44-8: 444 

4 444. 



[0064] ^*H 5: CNT-DNA 

[0065] ^ AH 3°fl^ ^14 DNA ^ ^44 (hybridization chamber) °H 

4 44, CNT7> 51^4 ^6)] ^44 -g-dj-g; ^^lAS 4°lS5l3i n ^# 
4°lHS H&4. o] ufl 4 0 J]4 32{d$] Aj-^o] ^A^ ^ji^Efl 

o_BllL7> 44 -g-d]^ i#ji f a^f> ^7} 3XSSCC0.45M NaCl , 0.045M sodium 
citrate), 0.3% SDS(sodium dodecyl sulfated} ^7\] 4#<>1 , %■ ^AA 40[d7\ E) 

7\] 44. ^A] ^oljo) A^xjoj ^57-^3} O^c ^ofl 

FITC(fluorescein isothiocyanate)7> 444 A]<g 24 A}-g-4^4. 
[0066] 4<* 2: 5*- CAC AGC TTG TAG GTG GCA CA-3' 

[0067] ^ ^5l31^t#eflo.ElH 7>4^ Hl^-ol^ T^T^l , °1 -g"^ 

100°CiA] 2^4 4*14 -f, 12000rpm°-£ 2^:4 44^34^4 . £^3J~£ 

o>o]l^ *44 -g-^l 42^4 ^4 ^ 7> o} o] ^ofl 

3XSSC(0.45M NaCl, 0.045M sodium citrate)4 3044 ¥44. ^ ^4 431 55 

°C 44^1 l0A]7i 4*1444. 
[0068] ioa14 4, ^44 ^4 4^°114 ^4°1 2XSSC -g-^H 24 44 4^ 

44, 0.1XSSC(0.015M NaCl, 0.0015M sodium citrate) 4 0.1% SDS 4°JH1 54 4 

4 4^ 4, 444^-S. o.ixssci 54 44 47 r 444. dna ^ ^ 44 4°J] 

4 47]47l 3*H, ^4 441^5171 4i ¥31 600rpm°-3. 544 



[0069] ti>-g-^ 25] ^Jl^efl o_E]H ^ofl ^HI^^M ^ p ITC 

# °1-^H ^#^4. °H4^ i^isIM 5000 (ScanAr ray 5000 

Packard Bioscience, BioChip Tecnologies LLC) ^Hl€^4 fLH°l3H 

4°133>|&H HSH^(QuantArray Microarray Analysis Software)^ °l-§- 

*H ^4 (£4). 51 4(a)^r DNA# l^l^l #4 ?>a.4^7l7> CNT7> 
JI^S 51^4 7l 2] (substrate) SL^, (b)^r #7] CNT A <H o}v)±7) ^ 

^7l# 7>^1 DNA# ItHfl ^ A J-iL^?l DNA# ^4 ^ 

#141:, (c)*r DNA# £>$3J- ^ W ^M4l- 

44\£ 3°14. CNT sfl^i 1^ ^e]3iTr#eflo.E]Hi <*7H<*.g- 7} 

*r ^ ^ Sl^(b). ^4, ^e]31^r#eflo.ElH7> 31^5]^ ^ 

CNT sfl^o] 3-f4 CNT JfflfH 1^4 jx^eflj^ b]h^1 tfJ£2H*l ^ ^7) 

7>^1 ^5lJ7^f#e]lO.ElH# ^^M^ xt]]^ *^ ^^-ol 1^44 

^ 6 S V ^ $1^4 ((a) ^ (c)). °1 14^4 4^°13 tiV-g-ol 7 ^ e^q.*] & 
6 

£ 2^144 oj-uj^ylS. 7fl44 CNT°ll ?f24| ^ 4-g-7llr 7>4 DNA 4# 

(A^ i)^ S^o.^. DNA ^ ^I^jI, 44 ^-<H4 ^4 4 
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-§-^r (51 5). 51 5^1 ^ (a)*r Wm*± DNA# 1^]^ %J>- <£\ % 

%^o]jL t (b)ir ^-iL^°l^l ^ DNA# ?1 ^ D# # 

#5l3lTt#^^B]-# ^sj-Al^l ^jq. f ^ ^ 5J-<3 

[0072] <>KHH ^Ml^l £ f^^r 71^ #3 ^Kr 4 

s 4^71 7} CNT# ^x]^ JL^S] CNT sfllH 4°!^- el^Bil- 

[0073] £ f}^^_7}7\ CNT Sflfl S^r ^1 ^54^71^. 

3-8-71 3. 7fl^i& CNT sfltH 4°1^ el^Bii- je^ 

#5^«H If-^TJ CNT-4°1^^^^1 7>^44. 
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IW l] 

7ll ^Hl JLH^S. Jl^Q, f}^^.7}7} 4^4^f-«-(CNT)£l sflBl 

i ^-71 ?>s4^ 7 ]S]- ^^-^ 4^-7] # 7>4 4ojO_ e]^Bl7> 44^ £ 

^ #5]^-^ $1^ ^ ^8 £.3. CNT-4°l^-€^. 

W?» 2] 

71^3 *M JL^S. 5L%&, 4 S 4^71 71- ^#4 4^4^* (CNT)4 44 
£ ^7} 4^4^14 l^fe ^-8-71^ 4*1^1, ^«1H71, ^44, 
^ ^3.^3. ^14 4^4 4-§"7ll- s^-i^s. 

7fl « 4^, 7fl^^l 5l*l| °}v]±7], ^*lH7l, ^44, E^l ^ 

^3.^3. ^4 ^14 4^4 4-§"7Hl, ^7) 444 ^-§-714 

^ 4-g-7l# 7>4 Ufolo. 51H] # 44^ HL^ ^44^ ^4^r 

7A^ 4^ CNT-4°U44. 

W?* 3] 

*1U4 HL^ 7412^1 &6\X\, el^Ei^ £^44, Bl^rH, 4*1 

^ElH, 441, 44(DNA, RNA) , 41, lE^ 4^4^ 4^ 4^°-3 4 

^ CNT-4°l^-€4. 
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Wt 1 * 4] 

*I131M1 91°]*}, 4°1^- «n^(DNA, RNA)<?1 ^ 

°-S- t}^ CNT-4°l^-€^i. 

M?* 5] 
M?* 6] 

*flr$ HL^r *H2*M 9X 6 \^\, A oM CNT sflfi^ S^fi] 7]x\ afla^ 

3^ ^^-S ^ CNT-tiH^-^: 

(a) S.^°\] °}v]±7]7\ 71^4 7>s4^ 7 i7> CNTl- 

#71 44^7lSf >8-7l 7>s4^7l #of| o^B. 1^ A l 7} 7l ^ CNT 

(b) #7l CNT -B-7l^## ^7l CNT ##^H -fi- 

714 1 ?! « H^l^jl, >8-7l -^714^4 7}^^7}7\ CNT# ^-g-^ 

CNT# 3f^Kr #31; ^ 

(c) ^7l (b)#3ll- nil #4*H CNT #4 %-7]o}*\ nil HJlSMI 3 
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44°i 4^4^44 5l4£ CNT sflEi-g: ^tRr 44. 



Hi 1 * 7] 

^161H 4°14, S4^1 4 n l^ 4"§"44 7144 7144 4^44 

44^0^ *\?)*}<q 4<H4 4°J4 ^-4°-3. 44 CNT-4°l^-44. 
W?* 8] 

^16^1 $144, #71 7lH £4 ofl 44-7^ ^Kr CNT# 

l^l?l7l 3t§H 44^Bflg. ii#44 ^i^-s. 44 CNT-4°lJ^4. 

W?* 9] 

4^ 44# X444 3^ ^Ji>-3. CNT sfl^i «H£ eH44 4 
^4°1 CNT-4°U44^ : 

(a) S4i 44^44 t#4 7I234 7>s4^ 7 ]7> CNT* 44*1^ 
#71 44^44 #4 4^4471 4*11 4^ 4^4 ^4*14 44 S4i CNT 
444 11 4 44 44; 

(b) 47l CNT 444 44431 4714444 4444 44 CNT 4^4 i 4 
7144 #4 ^^443i, 471 471444 454447} CNT4 44*14 
CNT4 ^444 44; 

37-28 



(c) -8-71 (b)44# n4 44^M CNT #4 %-7)o}v± %■<>] n 4 5L3L$7$ 3 

(d) -8-71 4^4471 7> ii#4 JL^S. CNT 44*11 ^71 4^44714 

4 44^1 4441; 7}4 4^1 °_ el^E^l- 3I-4-4 ]£4 1-51444 £-3. 44 A 1?14 

44. 

M?* 10] 

4^ 4?ll# £4^Kr ^ 4^3- CNT 44i «H-2. 5^7} 
CNT-4°1^-^^ : 

(a) £4^1 <5Mi7l7> 7144 7j-5.4€7]7> CNT# tiV-g-A]^ 

4*1^714 >8-7l 4^-4^71 *H 4 d 1h ^^^^ 7 14 £4i CNT 

(b) #71 CNT 4#4 tW44 tiV-g-Al^ -8-7I CNT 4#^H 4 
7144 « IH^U, >8-7l 4714^4 ?>=4€7l7> CNT1- aV-g-Ai^ 
CNT4 ^#44 44; 

(c) -8-71 (b)44# nsl 44^°1 CNT #4 4 7 144 ^ol n i| hjt^tH 3 
#4°i 4^4^7l7> ii#4 5i4:£ CNT 5)144 ^4*Rr 44; 

(d) 471 4^4471 7> i,#4 jl^s. CNT 444 47l 4^44714 44^ 
4 4^714 4*1 ^1, ^44^.71, ^44, eI-M 4 4^4^ 444 4i4 
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(e) #71 7fl °H^7l, ^*lH7l, ^71, Bl^7l ^ § 

S7j]o_^ ^i^l ^i^^l sf^j-^ 4-§-7Hl #7] 4-g-7l$l- ^^-t}^ 

W?* in 

*W ^10%H1 fl Ht 4-§-7l7> 7}^ 7}^ 

M?* 12] 

*W ^110*oHl A o V 7l 7l^ ^Hii7l^ ^tKr 

^^Hl CNT# ^^17171 afl^^EflS. t#£H 5^ ^£-3. t}^ # 

3. 

Mt 1 * 13] 

*fll2lM #7] °}v}}^_7}$] 4^ o}v}^7}7\ t#5l 7||i s S ell 

^l^H HL^ ^-71^4 sflfi^ tg^M «g<H*lir 4^ 
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14] 

3! £.3. 4^ 4^. 

W?* 151 
M?* 16] 

*H94 *fllOlMl $M4, 4°U il±7}^, bR>h, 4*1 i^h 

^ElH, 4«m, «]4(DNA, RNA), 2rf)Ei 4 i r4l- < ?l ^ ^^-S. 4 

*r 4^ . 

Wtt 17] 

aflHF JEE^r ^12^ CNT-4°1^- A dl4# °l-§^Rr ^°-£- 4^ 4°1^- 

el^4 ^44^14 4-§-4^ M 4°1^ ; H^ 7 ^#4^. 



Wt 1 * 18] 



^11^ JE^- *fl2lM v}°]Sl A DNA-y ^ sfe 

CNT-DNA^ . 

W?* 191 

^118^ CNT-DNA^j -i: e>]-g-^ ^ ^ o_ S ^ DNA ti>-g-o] ^ 
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HATU/DSEA 



DNA-FITC 
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[£ 3] 
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[£ 5] 




<110> KAIST 

<120> Method for Manufacturing a Hiosensor Using the High Density 

Carbon Nanotube Pattern 
<160> 2 

<170> Kopatentln 1.71 
<210> 1 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<22()><223> oligonucleotide for DNA-chip 

<400> 1 

tgtgccacct acaagctgtg 
<210> 2 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 
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<223> oligonucleotide for DNA-chip 
<400> 2 

cacagcttgt aggtggcaca 20 



37-37 



